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ABSTRACT 

A highly audible interfcring sound may be created in hearing aid 
outputs by the pulsatile elecrromagnetic signals gcncnted by some digital 
cellular rclephoncs (DCT) .  At irs worst, this undesirable signal totally 
dominates the audio processing o f  the hearing aid and makes i r  unusable. 
T h e  degrec of interference generated is a function of the type of DCT 
technology, thc we or style of hearing aid, and how many precautionary 
measum have been taken in thc hearirrg aid design IO reduce interfercncc. 
Engineers from telephone companies and hearing aid engineers have workcd 
rogether with the encouragement of hearing aid consumers and the Federal 
Communications Commission to reduce rhis interference problem. As a 
rcsult, considerable strider have been made, particularly by hearing aid 
companies. toward improving the immunity of hearing aids to DCT inter- 
ference. Many of thesc same engineers have participated in national and 
international standards commirrces to develop viable methods for assessing 
rhe amuunt of immuniry to DCT inrcrferencc pronded by hearing aids 
and the emirsion levels from DCTr. T h e  process of harmonizing these 
standard assessment techniques is ongoing. 

KEYWORDS: Interference. immunity. emission. digiral. cellular, 
teleDhone 

Laaming Outcomes. Upan reading thls anicle the leader should I1 I have an overall technical understanding of 
the  cause and eHect of digital cellular lekphone mlederence tn hearing aids and how 1 can be measured. and 
(2) know generally some 01 the merhodt thar have been used 10 alleviate The interference produced by digiial 
cellular telephones in hearing aids 
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T h e  Hearing Aid Compatibility Act of 
1988 mandates rhatwue-line telcphoncs man- 
ufacrurcd for sale in the United States hc hear- 
ing Gd compariblc.Todate, no such requiremeni 
cxists for wireless telephoncs, although con- 
sumcr groups have recently petitioned the Fed- 
eral Communications Commission (FCC)  to 
apply the same rule to cellular telephones.' Onc 
problcm standing in the way ofachirvingcom- 
ptihil iry for digital wireless telephones is the 
interference they cause in hearing aids. 

When a wireless telcphonc is used close ro 
a hearing aid, there I S  a radio frcquency (RF) 
near-field illumination of the hcaring aid. De- 
pending on the particular technology being con- 
sidered, in many but nor aU cases, the RF signal 
used by digital cellular telephoncs is turncd on 
and off periodically, or t e m p r d l y  mcdularcd. 
(Analog cellular telephones d o  not use tempo- 
ral modulation of the R F  signal and thus do 
nor gcnerally introduce inrcrfcrcncc in hearing 
aids.) Electromagnctic interference produced 
by a digital ccllular telephone ( D C T )  is caused 
mainly by this tempordy-rnodulatcd RF sig- 
nal being picked up hy the wiring in the hcar- 
ing aid.' Much like the workings of an ampli- 
tude-modulated (AM) radio, the puking high- 
frequency RF signal produced by thc DCT 
i)  dcmndulated by diode rectification In the 
hcaring aid amplifier stagcs, thereby extracting 
the modulated envelope shapc. which is a Iow- 
frcquency audio signal that rounds typically 
like a buzz. At its wonc, thc buzz dominates 
and rcnderr hearing aids unusablc by bloclung 
their processing of desired signals, and. in some 
cases, is so intense that it can u c c c d  the rhrcsh- 
old of pain for listeners with hearing loss. 

This interference often leavcs hearing aid 
wearers unable to usc DCTs in the normal way, 
held close to their cars. A p a r t d  solution, such 
as that employed in hands-frcc d l  telephone 
opcratton. may nor be a m p t a h l c  as the only 
solution for many hearing aid wearers. Achiev- 
ing total comparibiliry with DCTs  for many 
hearing aid wcarerr includes a visually normal 
appearance when using thcse devices with rheir 
hearing aids. 

Initially, some members of the telephone 
rnanufmuring industry were not very sympa- 
thetic. The chairman of the Global System 
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Mobile (GSM) McJU, the oversight group for 
GSM vcndorr, wrote t o  Reed Hundt ,  FCC 
chairman. "some of the research suggests that a 
s m d  percentagc of all hcuing-impaircd pm- 
sons use old, infcrior-quaLry hearing aids. and 
therefore may be undbk to use high-power wix-  
h s  telcphones."' Hearing aids are not the only 
device in which digital celluldr telephone in- 
terference ( D C T I )  causes problems. Cellular 
phones also have causcd such sevcre intcrfer- 
ence for pacemakcrs and electric whcelchairs 
that they were at  onc time banned from use in 
hospitals in Sweden.' Physicians at the Mavo 
Clinic i n  Rochester, MN,  recommended rhat 
pusons wirh cardiac paccmakcrs nor carry dig- 
ital cellular telephones with power switchcd on 
in their breast pockcts. I n  the M a y  u p c r i -  
ment,, mcinurible inrcrferrncc with pxxmikc r  
electronics was noticed 12.9% of the  time whcn 
the phone's antenna was placed over the pacc- 
maker. Symptoms of interference, including 
rapid heartbcats, lighthcadcdness. and dizziness 
wcre noriced in 7.2% of the tests.'A prominent 
pacemaker rnanufmurcr recommended that pa- 
t iens  with implanted pacemakers or defibrilla- 
tors maittrain a minimum scparation of 1 foot 
bctwccn 2 high power dyital celluhr phonc 
(3 W < rransmit powcr < 20 W )  and the im- 
plant site whencver thc phone is on.5 A few 
proactivc communities in rhc United States 

recognized this problem early on and took of- 
ficial action. For exxnplc. cily council m e m  
hcrs in S i n  Diego and San Jose, CA,  sroppcd 
temporarily thc construction of new wireless 
digital phone systems for their regions because 
they inrcrfercd potentially with rhe opcration 
of pacemakers, hearing aids, electric wheel- 
chairs. and automobile air hags.6 
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THE NATURE OFTHE 
INTERFERENCE: BYSTANDER 
AND WEARER, EFFECTS OF 
PHONETECHNOLOGY, AND 
TYPE OF HEARING AID 

Two types of clectromagnerlc ficlds Emanate 
from a DCT, an electnc or "E" field (produced 
as a far field) and a niagnetlc or "H" field (pro- 
duced as a ncar field) ' Erch of thcsc fields SNR Reprsnted fro 

Figure 1 Slgnai-t 4 
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pr&& affcrcnt mes of inrc&rcnec char- 
acrcristics in hearing aids. Because the E field 
emission i s  considcrcd to be far ficld, it is asso- 
~ ~ : t t e i l  miiinly with bysrinder inrerferencr. that 
wI1ic11 would occur for 3 hearing l i d  wcarer in 
cliilic 1)roximity 10 another perann using the 
DCT. The H field i s  nrsociated more wirh in- 
rerference produced by the hcaring aid wearer 
:ttrcin11tinp, to UIL' it 1 X X  IIIIC is known 25 

wwrer interference. Consideration of how the 
ncvr-ficld c1ecrrom;igncric ficld ~hnrxtcr i r t ics  
inrcract with 3 hearing i d  is exrremely impor- 
t m r  when a s s s i n g  what immunity a hearing 
:tiJ would provide IO DCTl when the hearing 
aid wearer is using the phone. D C T l  is gcncr- 
i l ly  worse whcn hearing aid5 arc operating in 
induction pickup mode, as campxed  wirh mi- 
crophone pickup mode, because there is little 
differencc in the bdre-band desired magnetic 
signal from the telephone and the interference 
slgnd. Consrquenrly. the reduction of magneric 
interference from cellular telephones for hear- 
ing aids in  induction pickup modc i s  panicu- 
larly probleniatic because rhc inrerfcrence has a 
similar niturc 10 the desired magnetic signal 
from telephones and room and neck loops. 
hlnny hearing aid wearers have not been able 
to use their instrumenis i n  tclecoil rctting IO 

connect with rhcir DCTs bccause of thc strong 
DCTI r ignh. It is more difficult to reduce 
DCTI in behind-rhe-ear h a r i n g  aids (BTE) 
rhan in cusrom hearing aids, bccausc of thcir 
larger sizes and hencc longcr wire lengths rhan 
in smaller ciistom models. 

INPUT-REFERRED INTERFERENCE 
L N E L  

T h e  input-referred interfercncc Ievcl (IRIL) 
is P quanrificirion in dB sound prcsrurc Ievcl 
(SPL) of the equivalent input signal level  hat 
would be produced by P DCT interfrrence sig- 
n a l  IRIL is thur related to the signal-to-noise 
ratio (SNR) produced by DCTI in thc hearing 
aid input signal. Studies by Killion et al' and 
Levirr et 11' show that at l e u t  a 20-dB SNR 
i s  requircd with a 50-Hz buzz interference 
signal, and a r  least a 25-dB SNR is requircd 
with P 217-Hz buzz interference renal, for rhe 
telephone signal to be acceptable to hearing 
aid wearers. regardless of degrcc of hcaring loss 
(Fig. 1). Because a telephone producer abour 
an 8 0 4 6  SPL acoustic signal at the hearing aid 
miuophone inlet. rhe IRIL can be calculatcd 
roughly 15 80 - 25 dB SNR = 55 dB IRIL. 
This  fiyrc agrces wirh thc level a t  which in- 
terference bccomes unacceptable in rhe NAL' 
rrudy (about 20 dB above a typical A-weighred 
hearing aid equivalent input noire level). 

O n e  issue in simulating the DCT inrer- 
fercnce signal is what ficld strengths in volts/ 
mcrer (V/m) are mort appropriate 10 use. T h e  
field strength at 1 m from a 2-W CSM mobile 
relephone radiaring ar full powcr ranges from 3 
t o  10 V/m.P Higher field snrngths  may be ra- 
diarcd with other types of telccornmunications 
technology. O n e  hundrcd voltdmerer or higher 
is a realistic field strength that a hezring aid is 
exposed to whcn placed near a DCT rccciver.q 

Figure 1 S#gnal.kn.twz Lalam prcduced by TDMA ana PCS-1900 DCTs Io< 43 wearers and the#( acceptable 
SNR Reprinted from Killion 120001'* by perm~sson 
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T h e  intensity of DCTl normally decreases in 
inverse proportion to the square of the distance 
between the DCT and the hearing i d . %  Tcsts 
completed by Per Yitrendorf h m  the EMC 
Lab in Denmark indicated rhat a simulated 
CSM transmitter could cause interfercncc up 
to 30 m away. In  reviewing studies of DCTl in 
hcaring ads .  one finds that the effects ofsimu- 
lated interference signals of 1, 3, and 10 V/m 
field strength have been evaluared the most. 
However, i t  is obvious that immunity to a 3 
V/m simulated RF modulated signal (as in  the 
original International Electrotechnical Com- 
mission [IEC] 60118-13 standard) is not ade- 
quate to reflect rcal-world immunity, even for 
bystander interfercnce, for DCTs  in Europc 
that actually produce up to 160 Vlm.’ Macfu-  
lane10 has shown that peak E field strengths 
derivcd with a dipole for a GSM mobile phone 
cdn approach over 200 V/m rms at  a 1-cm dis- 
tance from the phone. 

T h e  amount ofintcrfcrence produced by a 

DCT in a hearing aid was expressed in most of 
the carly studies csrentidly .LL whi t  cquivilcnr 
input SPL signal would cause that level ofsig- 
nal in  rhc hcaring aid output. For cxiinplc, in 
the Australian srudy of interference produccd 
by 900-MHz GSM phones.9 interference Icv- 
els were cxpresscd by what lcvel ofelectromag- 
ncric field strength in  dB re: 1 V/m would pro- 
duce a n  equivalent of a 40-dB SPL 1-1312 
inpur signal in a hearing aid. Immunity levels 
wcre asscsscd borh beforc and after rreatment 
to the hcaring aids (Fig. 2).  T h e  amount of 
improvemcnr was the increase in carrier field 

strength required IO produce an interfercncc 
signal in the hearing aid equivalenr to that of a 
40-dB SPL 1-kHz input signal. One outstand- 
ing issue is  whether the IRlL for user interfer- 
ence should he computed for any relarin ori- 
enration of the telephone and hearing aid or for 
thc normal orientation. A consideration in  this 
tradc-off is whether the norma! Orientation is 
wont case or not. Mandating llUL for worst- 
case orientation ignnrcs the potential advan- 
tagc of a favorablc orientation to minimize in- 
terference.” 

T h e  National Acoustic Laboratory (NAL) 
report9 stated that for acceptablc immunity IO 

intderencc,  a hex ing  aid would have to p~o-  
duce less than 40-dB SPL equivalent input sig- 
nal for horh a wcarcr interference signal greater 
than 30 V/m and for a 9- to 30-V/m bystander 
interference signal. T h c  abbreviation for this 
immunity level is ILM40, and the units are in 
volts per mctcr. Required immunity lcvel esti- 
ma-s weie divided into two levels of interfer- 
encc: (1) tolerable or mnderntcly perceptible 
;and (2) virtually no intcrfcrcncc. T h c  typc of 
intcrference also w a s  caregorizcd for bystander 
inrcrkrcncc (clnnr I )  ;tnd w u r c r  intcrfcrcncc 
(class 2). A summary o f the  required immunity 
levels for tolewble interference and no  interfer- 
ence for bystander and wearer conditions using 
rhe simulated tcsr signal is reproduced in Table 
1. T h e  NAL rcponV also stated that the mca- 
slued improvements in immunity levels in hear- 
ing aids for which wires were shortcncd. as 
well as electrostatic shielding, metal-filled care 
parts and shunt  capacitors added across the 
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Figure 2 Hearing aid equwalent mpul interieiencB SPLs as a tuncllon of sirnulared RFrnodulared w,r#er lleld 
Slrenglh belore and aher treatment Reprlnled l iom NAL 1199519 by permission 
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Tsbk 1 
Tolerable Interference Level 111 dB re: 1 Vlml and No Interference I24 dB re: 1 V/ml in Normal- 
Hearing Listenon and the Eetimated Equinlant Input Slgnal SPL of the Interference Signalr 
Produced in Hearing Aids for Bystander I C h  11 andwearer ICIass21 CondtHonr 

Pr0po.d MmimumTest Limits fon Field Strength of Simulated DWT Output Signal for 

Severity 
Field Strength of Canbr 

180% 1 kHzA.mplitucb Modulated 
900 MHz Carrier Waval 

Tart bwl 
Equivalent Inpw M m d  

Sound Preuura 
IVIrnl IdB SPLI 

Service 

Interferenca Criteria 

lor required ILM40 equal to 
IdB re 1 Vim1 

Class 1 3 
10 
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30 
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amplifier input, ranged from - 4  dB ro +34 dB. 
Shortening the wires benvecn microphone and 
amplit;er input provided the mosr benefit. 

DIFFERENCES IN INTERFERENCE 
ACROSS DCTTECHNOLOGIES ' 

T h c  frequency nr which the carrier is swirched 
on ;md off :ind rlic modulation depth in parr 
determine thc inrcrfercnce level.The R F  signal 
rminiting frnm n DCT periodicnlly pulses in  
:tinplitudr will,  .I lirgc modulitinn depth in 
snme DCT qTes. 

T i m e  Division Mulrildv Accca\ (TDMA), 
inrroduccd in 1 9 9 2 , ~ s  originally uscd in IlTel- 
lite communications to increase 1r3nsmis5ion 
channel capacity TDMA is used as an air in- 
rerface rechnique in GSM networks in Eumpc. 
T h e T D M A  channels are given a periodic rime 
dot within 2 frame. rhus effecrively negating 
interfcrcnce between channels. In  TDM.4, time 
1101 synchronization is  critical for effective -5- 

mission. It has a 50-Hz repetition rate (20-ms 
period) nnd a modulation inrerfcrence signal 
with a 33% duty cycle (at 3 userdcarrier). SO rhe 
burst time is 6.67 ms (Fig. 3).Thc outpur noise 
spectrurn from a completely in-thc-canal hear- 
ing aid (CIC) in an HA-I 2-cm'coupler pm-  
duccd by L DCT with TDMA technology is 
shown in Figurc 4. 

The European v m i o n  of rhc GSM was 
first deployed in Germany in 1992. For GSM 
technology, the temporal cnvclope of the inrer- 
fercnce signal modulates or pulses at a 217-Hz 
reperition rntc (4.6-111s pcriod). Fkcause thcre 
is a 12.5% duty cycle (6 uredcarrier) ,  the du- 

L . n r r . 4  

k- a.o rn .-d 
Figure 3 Carrier burst duratlon and penodmty of a 
TDMA DCT outpui signal 
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Figure 1 Speclrurn ot CIC hearing a8d o ~ f p m  in HA 1 2 crrl co~uler produced bv a TDMA DCT Microphone 
inlet to hearing aid was covered 

rdtion of each burst or pulsc for GSM is 118 
period or 0.577 ms for G S M  systcms (Fig. 5). 
Some researchers have shown a 15-dB grcarer 
intcrfercnce with GSM DCTs  than with 
TDMA phoncs. I n  thc United States the GSM 
system is known as Personal Communication 
Systems (PCS) 1900. 

Code Division Multiplc Access (CDMA) is 
a more recently introduced technology, orip- 
n d y  developed by the milrrary to help solve 
conflicts in transmission communications. 
CDMA is said to have higher data rates and 
more secure transmission than either GSM or 
TDMA and may use channel frequency hop- 
ping. CDMA uses a spread spectrum signal to 

Figure 5 Camer burst durarron and penobcltv 0 1  a 
GSM DCT output signal 

disringuiah bcnveen channels, which is more 
Like frequency-modulared signals, whereas GSM 
and TDMA have gated tcmporal modularion 
that are more like AM s igna ls .  C D M A  docs 
not tcmpordy modulatc the RF signd signifi- 
candy, making much bctrcr usc of rhc availablc 
RF mansmission bandwidth. T h e  little there is 
occurs at 2 Hz (about 30 uscrdcarrier). Some re- 
sarchers have shown a 10-dB greater interfer- 
encc wi thTDMA than with CDMA Euly re- 
ports even indicated inuch IKSS or no interference 
produced by DCTs with C D M A  technology.:.’> 
Figure 6 shows data developed by the developer 
of CDMA rcchnology, Qualcomm.” compar- 
ing the average distance from the phone to rhe 
hearing aid for audible interfcrencc for five per- 
sons with GSM 2nd C D M A  DCTs. Six differ- 
ent hearing i d s  from threc rnanufacturcrs were 
tentcd. including BTE, in-rhe-car hcxing aid 
(ITE), and in - the -cad  hearing aid (ITC). T h e  
same power amplifier and radiating antenna 
were used for both signal types. ?%e GSM sig- 
nal (European TDMA) was actually simdvcd 
by amplitude rnoduLitig an RF signal gencm- 
tor, wherea the 800-MI~Iz C D M A  signal was 
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Range of Audible Interference (Average Hearing Aid) 

Mnle (8 p a r s )  ' 
DICI~MI (m) 

Figure 
and CDMA DCT5 Reprinted from Lamberr andFrazw l19941'* L? pelmission 

Comparison lor five Iistene!? 01 distance lrom DCl 10 hearing aid tor audible interference with GSM 

derived from a Qualcomm CD-7000 ponable 
phone ar maximum transmit power.The vocoder 
raws  were not spcdfied. The authors concluded 
that the C D M A  signal could nor be dercmd 
unless the distance was within 0. 5 m, wherras 
the C S M  signal could bc deterred at distances 
UTI to over 2 m from the hearing aid under rcsr. 
Tt  is important to recognize that thc inrcrfercnce 
characrerinrics and immunity of hearing aids for 
a 2-W 900-MHz carrier (such as GSM), h c h  
has been widely studied, may be altogether df- 
fcrenr from that ai higher frequencies, such as 
19W M H z  or cven greater, which more r a e n t  
DCTs use. 

DIFFERENCES ACROSS HEARING 
AID MODELS INTHE AMOUNT OF 
INTERFERENCE CAUSED BY DCTS 

Early reports starcd that many BTEs had sc- 
vere inredereoce p r o b k d  but many C lCs  had 
no interference problems forTDMA and GSM 
field strcngths of up IO 100 to 2M) V/m."This 
latrer rcsulr was in contradiction to a Univa- 
rity of Oklahoma rcporr that showcd lirtle or 
no differcnce in intcrfcrcnce levels benvecn 
some hearing aid model rypes and that ITCs 
had lrss inrerferencc than CICs." The reader 
i s  rcferred to Figure 7, which shows the avcr- 

age annoyance ratings at 25-crn distance for 
PCS-1900, TDMA-BOO, and CDMA DCTs  
by hearing aid type.'' 

THE EUROPEAN HEARING 
INSTRUMENT MANUFACTURERS 
ASSOCIATION STUDY 

Realizing the significance of the problcrn, the 
Europcan Henring Instrument Manufacturers 
Association ( E H I M A )  contracted with Delra 
Acoustics LaboraroryandTELECOM in Den-  
mark to pcrform a study o n  the interfercnce 
produced by GSM wimless tdcphoner in hear- 
ing aids.15 A pcak ficld strength of 10 V/m was 
used for a sirnulatcd signal, bccnusc in the au- 
rhors'opinions that RF ficld corresponded to a 
maximum powcr output from an 8-W mobile 
tclcphone at a 2-m disrancc (or 2 W at 1 m). 
T h e  EHIMA study" concentratcd only on 
mea~urcs to simulate bystander inrcrfercnce.The 
rest serup used for thc EHIMA study" is shown 
in F t p  8. A rubing length of 500  mrn between 
the coupler and the hearing aid was used IO en- 
sure that the metal in thc coupler did not inter- 
fere with the electromagnetic ficld at the hclr-  
ing aid. T h e  rcport noted that the telephones 
produced intcrfcrencc in all hcv ing  aids tcstcd 
and that simulated fields of only 1 to 3 V/m 
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Figure 7 Average annoyance rating at 25 cm dlslance by hearlng aid type Reprlnled from Unlverslry of Okta 
horna I19961"ty [)ermrs51~ 

and 5 to 32 Vlm. respectively, wcre needed to 
producc noticeable interference in BTEs and 
ITEs. T h e  study reported that a 40-dB SPL 
input-related noise level would be slightly an- 
noying to five normal hearing persons and an 
overall inpur-rriarrd intrrfcrence level (OIRTL) 
of 55 dB SPL would probably produce accepr- 
ablc performance. Only the low-frequency par- 
tion o f the  interference signal was important in 

calculating rhc OIRIL. I t  w35 found rhat the 
human head rignlficantly attenuates the GSM 
signal when i t  is between the interference source 
and the hearing aid. T h c  E H I M A  report's 
would later servc as the basis for thc IEC 
601 18-13 interference rneasurcment standard; 
in fact. an early draft of the IEC standard was 
p a n  of the EHlMA report." T h c  concept of 
IRlL also is uscd in the American National 

Figura 8 Test setup for srudv 01 lnlerlerence Produced by DCTs in heamg ads  worn or, bystanders 
ReDmIed Irom EHIMA 119951'5 by perm8ssIan 
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Standards Institute (ANSI) ‘33.19 standard 
for measuring interference produccd in hear- 
ing i d s  by DCTs. 

NAL INVESTIGATIONS 

In  work leading up to the N A L  study? Joyner 
et a l ’ b  rcportcd that thc peak power levels pro- 
duced by GSM phones operating at 900 MHz 
ranged from 2 W for a handheld phone to 8 W 
for a transportable unit. Joyner and colleagues 
found that the hearing aid ourput buzz causcd 
by a DCTl became noticcablc a t  a level about 
10 dB highcr than the ambient noise of the 
hearing 3id.Tablc 2 shorn the RF field suengrh 
and hearing aid ourpur SPL and i t 5  relation to 
the output noise floor for five BTEs and four 
lTEs forjusr noriceable inrerference. 11 is inter- 
esting to note that the interference threshold 
for telecoil mode is similar to that for micro- 
phone mode for most of the BTEs and that thc 
inrrrference thresliold for the l T E s  requires a 

higher RF field than for the BTEs. In this srudy, 
rhc KI: ficld w:ii simulircd Iiy :in RF gencrrtor 
and powrr amplifier. T h e  2-W unit produced 
hcld strengths of up to nbout 40 V l m  31 0.1-m 
dirrmsc rnd aboui 6 Vlm 21 1-m distance. 
However the 8-W trinsportablc phone ~ t u a l l y  

produced about 80 V/m at 0.1-m distancc and 
12 V/m at I-m distancc. 

T h e  N U ,  in conjunction with thc Tele- 
corn Research Laboratories of Australia, the 
Deafness Forum of Australia, the Spectrum 
Management Agency, and hearing aid ruppli- 
en,  initiated a comprchcnsivc srudy of intcrfcr- 
ence caused in hearing aids by GSM DCTs and 
published thc results in a mport.9 A m i c r y  of 
BTEs and ITEs  mountcd remotely (SO as to bc 
far from a rnctll object) via a SW-mrn long tub- 
ing that w a s  anachcd to a 2-crn’ coupler were 
evaluated for immunity to intederencc using a 
specially dcsigncd waveguide that simulated the 
interference signal up to a field rmngrh of 100 
V/m.The inrerfercncc signal was simulated by a 
900-MHz carrier 8046 modulated by a 1000-Hz 
sinusoid. T h e  equinlent input refcmd sound 
prcssurc ofthe interference signalwnscaldated. 
The% mcasulrmcnt procedures were adoprcd 
in the initid version of IEC standard 60118-13 
for measuring interference kvels produced in 
hearing aids by ceUular tclcphona. 

In the srudy.9 subjccn also w m  asked to 
rrte how annoying the interference was at dir- 
tances of 1 m and 0.7 m from DCT m hearing 
aid. Results indicatcd that those with hearing 
loss wearing rhc of ITE mluated were un- 
likely to uperience bystander interfcrcncc from 

Table 2 The Electromagnetic Field Strength and the Comspnnding Hearing Aid Output SPL for 
a Noticeable Difference of Interference in Fiva BTEr and1hr.m lTEr 

~ 

Microphone Switched In Telecoil Switched In 

Hearing Aid dBAbova Hnaring Aid dB Abova 
RF Field Output Noire Threshold Output Noire 

Hearing Ald IVoltr/ml IdB SPLl In0 RFI IVollrlml (dB SPLl (no RFI 

Eehlnd-th.-.ar hearing aids 
PPSCL 3.1 85 5 9 5  3 1  67.0 5.0 
PPSC 2.8 94.5 9 5  4.9 870 10.0 
VHK 0 7  69.5 9 5  0 4  770 12.0 
VLA I6 62 0 12 0 2 0  59 0 12.0 

PPCL4 3 1  85 0 11 0 3.1 74.5 9.5 

In-the-ear hearing aids 
JLFR Sonala 9 4  69 5 10 0 
S Serenade 4.9 66.0 10 5 
IT312 NACPhox 32 3 78.0 9 5  

Remmld from Jwner e l  .I. 119931 by ~ e r r n i ~ ~ i o n  
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I 

I 
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testing was 
rhc intcnctl 
digital wire1 

Rcscart. 
funded prin, 
results have 
publicly. In 
April 29, 1 

othcrs using DCTs and that thc treatments 
mentioned prevlourly (see pagcs 46-47) reduced 
significantly the interference levels in the BTEs 
cvaluared. Howcvcr, nonc of the hearing aid, 
evaluated. even though ueatcd, could provide 
their wearers access to using handheld DCTs in 
the normal way One  result of the N U  1995 
study, that a 42-dB SPL input related noise 
would bc nuticcablc. corrclarud swncwh.n wirh 
rhc E H W  so~dy'5 in which a 40-dB SPL 
input-rclarcd no ix  kvcl was found to hc slightly 
mnoying to fivc normal- hearing pcrsons. 

OTHER EARLY STUDIES OF 
INTERFERENCE 

Hansen and Poulsen" simulated the modula- 
tions produced by DCTr with periodic square 
wave signals, mixed these with environmental 
noisc or speech, and presented the result through 
a digitally simulated master hearing aid with 
on Etyrnotic Research EK-4B inscrr earphone 
to 17 pcrsons with hearing loss. Rcaulrs showed 
tha: GSM simulated noise was noriceablc but 
not annoying at an inpu:-referred level of 45- 
10 48-dB SPL, which is comparable to the 
N A L  1995 rcsult 0142-dB SPL input-referred 
for an annoying response level. 

Some studies have used a 460-mm long, 
2-mrn diameter Tygon tubing to couple hear- 
ing aids to a 2-cm' coupler to ensure that the 
metal in the coupler docs not interfere with the 
electromagneric fields produced near the hear- 
ing aid. Such a practice considerably changes 
the output spectrum from hearing aids in an 
artificial manner and can affect the measurc- 
ment results. 

JOINT EFFORTTO REDUCE 
INTERFERENCE 

I learing aid engineers and telephone company 
engineers began meeting in 1996 in response 
EO a mandate by the FCC to fix the DCTI proh- 
Icm in hearing aids. The first formal meetings 
wcrc held in Washington, DC, at a Wireless 
Summit conference. initiated by the FCC, which 
involved mcmhers of hearing-imparred con- 

sumer groups interacting with represcntrrives 
from the hearing aid manufacturing and tele- 
phone manufacturing industries. T h e  primary 
goal of the confcrcnce was to improvc the level 
of undersranding bcrween the three groups 
concerning DCTIhearing aid compatibility and 
thc need for persons with hearing loss to have 
accessibility to digital wireless telecommuni- 
ciitwns. TIIC conicrcncc bvgan with :in dl-day 
plenary session that prcsented profiles on the 
wirclcs industry, including rcfiiilntory aspccts 
and thc physicnl niturc ut  wirclcss rechnolo- 
gics and their intcraction through elecrromag- 
nclic coupling with hcaring aids; thc niturc or 
henring loss and available technologies that 
either aid or prevent effective communications, 
the state of hearing aid technology and assis- 
tive listening devices and porcntid solutions to 
DCTI.lR 

Three working groups were set up, com- 
prising represennrivcs o f u c h  of thc three main 
interest groups and outside experts. T h e  work- 
ing groups were charged wirh revicwing avail- 
able dat3. assessing the level of technical un- 
derstanding of interference and compatibility, 
and exploring thc feasihiliry of providing short- 
term and long-tcrm solutions, including time 
lines with which to accomplish their assigned 
r a s h .  Each working group had three co-chairs 
selcctcd by a Steering Committee prior 1 0  the 
Summit Meeting: 

1. Short-rcrm user and bystander interference 
group. Assignment: Identify interim solutions 
to both hearing aid wearer and bystander 
interference; review overall research artivi- 
tics. Co-chairs: Harry Leviti, T h e  L u i n g -  
ton Center; blichnel Sacha. Srarkey Labo- 
ratories; Charles Spann, Northern Telecom. 

2. Long-tcrm uscr and bystander interference 
group. Assignment: Identify potential long- 
term solutions to both hearing aid wearer and 
bystander interference for cost and technicd 
feasibility; review research activities. Co- 
chairs: Horst Arndt, Unitron Industries; 
John Darby, Consultanr; Barry Kratz, Erics- 
son, Inc. 

3 .  Comparibiliry group. Assignmcnt: Identify 
possiblc hctors  that would help to achieve 
electroniagne tic compatibility herwecn hear- 
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ing aids and digital wireless telephones; de- 
velop a proposcd definition of compatibility. 
Co-chairs: Ray Millingron, Motorola. Inc.; 
David Prevcs. Argosy Elecmonics; Jim To- 
bias. Inclusive Technologics 

Thcsc meetings acrved as a catalyst to gct 
the different groups talking to each other. Sub- 
sequently, groups of hearing aid and relcphonc 
company engineers continued thc dialog, inid- 
ated in 1996 during the Wireless Summit mect- 
ings, a t  the University of Oklahoma Ccntcr for 
the Study of Wireless Electromagnetic Com- 
patibility (EMC).  

Early on n group comprised of telephone 
company reprcsenrarives. University of OWa- 
horna staff, three enginecrs reprcsenting &c 
hearins aid industry, and onc audiologist as- 
sisted in designing n multiphase srudy to deter- 
mine the level of inreracrion bewecn wirclcss 
devices and hearing aids.Ig T h e  plan called for 
identifying immediate cost-effective solutions 
IO the interference problem by modibing prcs- 
ent hearing aids and telcphones and suggrsting 
funire dcsigns. T h e  EMC Center conducted 
rheir rrudp on DCTl in hearing aids using both 
instrument-based electromagnetic inrerference 
(EMI) testing and a subjecr-based proroml 
compriscd of perrons having no rmd  hearing 
:ind ~ r s o n s  with hearing loss. Tile S N ~ Y  fol- 
lowed much of the tcsring protocol of the 
EHIMA" and NALq srudics. with thc excep- 
tion that acrual PCS phones were used, having 
G S M  technology operating a t  1900 MHz and 
T D M  and C D M A  technology operating a t  

SO0 MHz. instead of RF gcneraror signals sim- 
ulating the 900-MHz GSM 2-Watt handheld 
:md 8-Wart mobilc phones. Human subjccr 
testing w3s designed to determine rhc extent of 
the intsraction o f  h m i n g  aids with a variety of 
digital wireless communication rechnologics. 

Bcsearch activities at  the center have been 
funded principally by telephone companies, and 
results have been documented frequently and 
pubiicly.'li their  Phase I progress report datrd 
April 29, 2996, tha t  cvaluired worst-CYC by- 
stander interfcrencc.I4 the degree of inrerfer- 
cncc WAS shown to vary with hearing a1d rype, 
hearing loss configuration md severity, and the 
~ Y I X  of wireless rclcphone technology. I n  O V C ~  

80% of thc tests, hearing aid wearers did not 
cxpcricncc any significant intcrfercncc unless a 
DCT was within 1 m. Even when intcderence 
was perceived, it became annoying for only 2% 
of  thc subjects ar I-rn distancc and for 12% of 
the subjects at 0.5 m. In Lcvitt ct al,S rhc con- 
sequences of bystander interferencc fmm PCS 
1900 and TDMA D C T s  for 53 test subjects 
arc somewhat rnorc serious: 25 to 38% of B T E  
and ITE wcarrl~ could dctcct DCTI at dis- 
tances greater than 2 fccr from their hearing 
aids, and 8 to 14% reportcd m annoying inrer- 
ference levcl at rnorc than 2 fert w a y .  

Of the phonc mchnologics tested at the 
University of Oklahoma EMC Center, C D M A  
at 800 M H z  resulted in the lowcst interference 
levels across all measures. Of thc hearing aid 
t p e s  rested, BTE models had the most inter- 
ference and ITCs  had the lcast interference. In 
Phase 11 o f t h c  srudy, the mechanisms ofinter-  
action wcre identified, and the effectiveness of 
various short-term and long-tcrm solutions was 
tested on human subjccts t o  determine how 
much the interference had bcen reduced. E m -  
phasis was placed on correlating acoustic mca- 
~ u r r s  of interference IcveIs to subjective assess- 
mcnrs of intcrfcrcnce levels. For this phase, 
hearing aids and telephones were provided by 
many of the participating companies to deter- 
mine how much thc inrcrfcrence had been re- 
duccd in modifications and new designs. 

ANSI C63.19 STANDARD 

T h e  idea for forming a joint working group to 
formulate an ANSI standard with which to de- 
fine and measure DCTIHA compatibility was 
first advocated by Stephen Berger, then at 
Siemens Telecommunications, at a meeting at 
the University of Oklahoma Electromagnetic 
Compatibiliry Centcr. Ultimately, he and 
Thomas Victorian, Starkey Laboratories. be- 
came co-chairs of the ANSI working group. 
Over the next several years, many enginecrs 
from both the hearing aid and telcphone in- 
dustries spent coundess days communicating, 
making measurcmcnts. drafting the ANSI s m -  
dard. and amending thc many worlung group 
meetings Over the 4 years it took to prcpare the 

~ 

I 

I 

I , i' 



54 SEMINARS IN WARINGIMLUME 21. NUMBER 1 20113 

Figure 9 Tesl setup liom !he ANSI C63 19 standard showing Ihe dipole anlenna lor simulating the near-Ibeld 
eleclromagnet8c lield generated by DCTs Reprinted from iNS8 120011~‘ With permission 

standxd.?hc standard recommends that wirc- 
Icss communication devices be measured for 
near RF electric field emissions, near R F  mag- 
netic field emissions. and audio-band magnetic 
signal strengrh and frequency response of the 
inductive signal provided for hearing aids op- 
eriting in relecoil (induction pickup) mode. The 
standard recommends that hearing aids be mea- 
sured fur their near-field RF immunity in both 
microphone and induciion coil o p t i n g  modes. 
A dipole antenna is uscd m simulate thc near- 
field radiation from DCTs.These meawcmens 
arc made in thc ncar f idd to simulate thc more 
intense electromagnetic ficld a hearing aid 
would hc exposed to when the wcarer is using a 
DCT. Figure 9 is a diagram reproduced from 
the C63.19 standard of the near-field test setup 
showing the dipole antenna. 

T h e  ANSI C63.19 standard contains de- 
railed test sctup and mt protocol information 
with which to categorize DCTs into classes of 
rahated electromagnetic energy levels and hear- 
ing aids into classes of immunity levels. T h e  
standard also recommends what constiturcs an 
acceptnblc dcgrcc of marching hetwccn tele- 
phone emission classes and hearing aid immu- 
nity classes.* Table 3 is reproduced from the 
C63.19 standard showing the E md H field 
immunity levels for hearing aids for < 55 dB 
lRlL and E and H Geld emission levels for cell 

phones. T h e  C63.19 standard notes that be- 
cause the intcrfercnce output of typical hearing 
aid circuitry is proportional to the square of the 
RF field, a 5-dB change in RF ficld strength 
produces a 10-dB change in the interference 
level. 

Ignoring the absolute immunity and emis- 
sion Iwels, classificarions of thc immunity lcvels 
o f  hearing aids and clcctromagnetic cmissions 
from DCTs are given in Table 4, as adapted 
hum Victorian.’ To use the table, a comhina- 
tion of the cell phone rating with the h e u i n g  
aid rating totaling three or bcttcr should allow 
normal hearing aid use. As a uscful refcrence 
point, most cell phones have an E field emis- 
sion level of less than 41 V/m. which puts them 
in the U2 category” 

IEC 60118-13 STANDARD” 

One  outgrowth of the EHlMA studyt5 was an 
IEC DCTNA compatibility standard. Initially, 
thc IEC 60118-13 standard confined is inter- 
ference meaiuremcnts to rcflcct thc ICVCI ofby- 
sande r  interference from users of cell phones 
at  Lenst 1 m from the hearing aid we- and did 
not constder measuremcnts representative of 
what might occur if a hex ing  aid wearer was 
attempting to use a DCT. Becausr hearing aid 
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Table 3 Recommanded E and H Field lmmunilv Levels in ANSI C63.19 Stnndard for Hearing Aids 
for ~ ~ C l R l L m d € . n d H F i . M E m i u i n n L a u n l r f o r C e l l ~ o n s +  

RF Rrameten 

category Hearing Ald Parammelt. Telephone Pnmmrtan 

Near Field . ICW dB (V/rnll ICW dll IA/mIl ICW dB NImll ICW dB tA/mll 

CatewvU1 300450dEIVlml  -23.0--10OdBWml 4 6 - 5 1  dB(V/ml -4.4 -0.6dBliVml 

+0.5 x AWF 
CategorVU2 35.&40.0dBIV/ml -lEO--13.0dBlLVml 41 -46dBiVlml - 9 4 -  - 4 4 d E I N m l  

+0.5 X AWF 
Category U3 - 13.0- -8.0 dE IUmI -14 - -9 4 dB (Nml 

+0.5 I AWF 
Calegorv U4 > - 8  0 dB iNml < - 14 4 dB INmI 

+0.5 x AWF 
Caiegory UX Specml Special Specla1 Special 

'Hearing atd musi maintain < 55 d0 IRlL inlederenee level ana c 6 d0 gain compresson 
Reprinted fmm the ANSI 2001 C63 19 standard b, ~ i m s ~ i o n l o  

E-Field Immunity +I-Fldd Immunity E G d d  Emhiom H-Fidd Emlrsion, 

t0.5 x AWF 

r0.5 X AWF 
36 - 41 dB iV/ml 
+0.5 x AWF 

< 36 dB Nlm) 
t0.5 x AWF 

40 0 4 5  0 d0 Nlml 

> 4 5  0 dB IVlrn) 

I 
wearers nced to use mobile phones, i t  bccame 
cvidcnt that  a mcasuremcnt rcflecrmg rhc l e d  
of uscr interfcrence was needcd as weU.Thr IEC 
60118-13 srmdard is being modified (cirrulat- 
ing in drift  form at the timc of this writing) to 
include a near-field mcasuremcnt to assess user 
compatibiliry.Thus, the cumntly proposed re- 

Table 4 ANSI C63.19 Clairlfication Systems 
Matching forklephone Radiation and 
Hearing Aid Immunity a5 n Function of 
Level of Usability 

Hwring Aid blnphone 
Lrnmunity E m ' k p  

Uvbility Category Catagory 

Usable uo uz 
Usable u 2  uo 
Usable ut u1 

Normal use uo u 3  
Normal use u3 uo 
Nbrmel use u t  uz 
Normal use u2 u 1  

Excellent U1 or higher u3 

Excellent u2 UZ 
Excellent u3 U1 or higher 

- 
A total scoie of 3 *ndlcares normal use Adapied Iran 
Viclotian 7 wlih permmaon 

vision id the standard contains measurements 
that anempi IO reflect both bystandcr and user 
intcrference levels, without changing use of a 
Gignhcnz Transversal Electromagnetic Mode 
(GTEM) cell to makc these measuremcnrs. 
Draftcrs of the IEC standard feel that it i s  suf- 
fident IO verify and express rhc immuniry of 
hearing aids with a far-field test, based on their 
opinion that it i s  possiblc to establish a corre- 
lation bctwecn the measured far-field irnmu- 
nity level and the imrnunicy level produced by 
a hearing aid used with a wireless phonc held 
ovcr it. It appears that  the IEC standard will 
havc TWO limits: 75 V/m for gencnl use with CCU 
phones (at low frequencies) and 10 Vlm for 
immuniiy to bystander interference, both re- 
quiring lRlL levcls in the hcaring aid of 55 dB 
SPL or bencr. 

The concept of an IRTL, ns advocated in 
work done by thc EHIMA group's and Joyner 
et a l . Ib  is incorporated in the IEC standard. 

IEC 60118-13 VERSUS ANSI C63.19 

Potcntial hardship may arise for mvlufacturcrs 
ofhearing aids if they need to conform to both 
standards in order to xll their products in both 
the United Statcs m d  in Europe. Currently, 
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rcpresen tat1 
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dipole test n 
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ANSI C63.19 standard references the IEC 
60118-13 method in an informative annex 
Howcver. material in an informative annex of 
an ANSI standard generally is not considered 
IO be a parr of the standard. For the IEC 
60118-13 test mcthod ro be rccognized as an 
alternative approach, it would have to be placed 
in,the main body of the ANSI srandard or be 
made into a normative annex. 

Crirics of the IEC rest method have noted 
that a sine wave input signal and a sinusoidal 
modulation of an RF signal bcar litrle resem- 
blance to red-world use of hearing aids and 
DCTs, with speech as the d e s i i d  signal? Mem- 
bers o f  the ANSI C63.19 working group feel 
thar use of a GTEM cell. as recommended in 
the IEC 60118-13 standard, results in a far- 
field mcasuremenr and will not produce a vabd 
rcpresenration of near-field emissions from 
DCTls. Instead. as suggested by Macfarlane'o 
and Caputa cr al:J the ANSI group feels thar a 
dipole is required for valid near-field measure- 
ments. A dipole test method is incorporarcd 
in ANSI C63.19 rnndard.'o T h e  dipole tcst 
method attempts to replicate the telephone an- 
rciinii and ~ c c o u n t  For thc near-ficld emission 
10 rhe hearing aid wearer.Thc E field is strongest 
at the rips of the antcnna (dipolc), and rhc H 
field is strongest at the midpoint of the dipolc." 
However, Capura et al2J state that the E field is 
attcnuated in the ear canal, but the H field is 
enhanced.This phcnomcnon has a positive ef- 
fect in reducing the E field part o f the  interfer- 
ence signal, but also has a negative outcome 
due to the H field portion of the interferencc 
signal being enhanced.The dipole test method 
simulates near-field illumination of a hear- 
ing aid when a DCT is held over it, while the 
G T E M  rest method simulates the far-field, 
plane-wave radiation apcrienccd by a hearing 
aid from bystander interferencc produced by an- 
other person using a DCT some dirranm away 

Members of both standards p o u p s  arc at- 
tempting to harmonize the two standards. 
Mention is m d e  in thc introduction of the Iat- 
esr draft of IEC 60118-13 of using the dipole 
near-field test method to ob& valuable in- 
formation during dcsign and development of 
hearing aids. Howcver, same basic difTcrenccs 

dominated c 
companies) 
consortium t 

the ANSI  C 
its present f 

between the two standards exist at the time of 
rhir writing 

- Rcpeanbility of each method. Con- to 
previous reports, recent dataJJ indicate that the 
inerhodr have abour the same repeatability. - .ibiliry of each test method to establish both 
rhe E field and H field that a cell phone PO- 

'luces in the near field. - .4bility of cach tcsr method to predict the 
amount and type of inrerfcrcnce a hearing 
aid wearer would expcriencc. 

* Currently, the ANSI C63.19 worhng  group 
is initiating a request to see whether correlat- 
ing the class or categorizarion stmcture out- 
comes obtained by rhe ANSI C63.19 dipolc 
and IEC 60118-13 GTEM test methods pro- 
I I U C C  the samc result. 

As of the lartsr 1 E C  Working Group 13 
standards committee meeting in June, 2002, 
E H l M A  and Hearing Industries Association 
(HIA) arc sponsoring further rests to be per- 
formed by Delta Acoustics and by Srephcn 
Berger that will compare the repcarability of the 
dipole 2nd CTEM nicrliod* ;mid tlicir nic.i- 
suremenr resulrs. 

method an 
60118-13 US 

repeatability 

, tion betweer 
tively poor a 

THE FDA POSITION 

In 1996 the Food and Drug Administration 
(FDA) circulated a letter to hearing aid manu- 
faciturers and distributors stating that they had 
received numerow; letters from hearing aid 
weuers regarding their worries about being 
ablc ro usc their hearing aids in the presence of 
D C T I .  T h e  FDA lctter went on to cncourage 
hearing aid manufacturers to implement merh- 
ods of increasing immunity of hearing aids to 
elcctrornagnetic interference. T h e  letter also 
sugesred that hearing aid manufacturers test 
their hearing aids for electromagnctic immu- 
nity although rcsting was not a p r c m u k t  rc- 
quiremenr at that rime. Most feel that he 
FDA will nor intcivcne as long as the hearing 
aid industry is perceiwd to be making progrcss 
in resting, improving immunity in hcaring 

ads.  and cy 
believes th4 
C63.19 IS  

may cven 
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lids, 2nd charuterizing inrerfcrcncc. T h e  F D A  
believes rhe near-ficld dipole method i n  ANSI 
C63.19 i5 the propcr approach for charactcriz- 
ing clecnomagncric interference.” T h e  FDA 
may cvenmlly adopr rhc ANSI C63.19 stan- 
dard bccausc [hey havc declared [he GTEM 
cell unxceprablc.” 

THETELEPHONE INDUSTRY 
POSITION 

Mosr hcaring aid manufacturers parricipating 
In developing rhc ANSI C63.19 srandard feel 
rha r  rhe Cellulnr Tclecornmunicarians and In- 
rerner Association (CTIA). rhe rrade assccia- 
rion for wireless rclephone companies, has hcen 
g c n c r d y  uncooperarivc and unresponsivc. T h e  
C T I A  sa.n that analog ccllular telephones ron- 
rinue IO be available that do nor have the intcr- 
fercnce problem.” Somc rclephone company 
engineers agree rhar the dipole is mort appro- 
pr ixe rhnn rhc CTEM cell for providing a 
rcpresent;itive RF source ro simulare the elec- 
rromagnctic field emanating from a DCT.This 
15 logical because rhese same rclephone com- 
panv engineers were memherr of rhe ANSI 
C63.19 working group rhar standardized the 
dipole resr merhod.Ih 

THE HEARING AID INDUSTRY 
POSITION 

T h e  HIA (locared in rhe Unircd Srares bur 
dmninntcd currcnrly by European hearing aid 
companies) and the E H I M A ,  rhe European 
consortium of hcaring aid companics. horh say 
the ANSI Ch3.19 srandard is  unacceprablc in 
its prescnr form because it UKS rhe dipole test 

merhod and does not conform to rhe IEC 
60118-13 user rest method. They feel rhar rhe 
repeatability of dipole mcasuremenrs is rrla- 
rivcly poor and rhar there i s  no clear corrrla- 
tion henvcen dipole and GTEM cell measure- 
menrs. Further, H I A  and EHIMA feel that 
having 10 do TWO scrs ofmcasuremcnrs will cause 

hardship for hearing aid manufacrurers and 
confusion for professionals in rhc hearing care 
field and for hearing aid w c m r s . ~ ’  

THE CONSUMER’S POSITION 

Self Help for Hard of Hcaring Roplc and the 
AG Bcl! Association for rhc Deaf believe that 
hearing aid companies arc working hard on im- 
munity irnprovcmcnts, but ccU rclcphonc com- 
panies are not doing much. AG Bell has pcti- 
rioned the FCC IO have an inrcrfercnce-free 
cell phonc avahblc.  Meanwhilc, hearing aid 
designs havc conrinucd to improvc due ro R€ 
filrm intnrponrcd into hearing aid rniaophones 
and changes in wiring and layout of internal 
hearing :dd consmction. Recent HIA statisrics 
indicate thar there are only a fcw complaints 
about DCTIZ’18 and havc reponed that thc in- 
tedercncc problcm is basically solved. 

STATUS OF DIGITAL CELL 
TELEPHONE DESIGNSTO 
REDUCE INTERFERENCE 

I n  rhr vtrw of manv an rhc hcaring aid .ndus- 
try. rclcp’tonc cornpanics caurcd the problcm of 
D C n ,  and, rhcrcforc. they should bc rcsponsi- 
ble for deviating thc inrcrfcrcncc pmhlcms wits 
improved tclcphonc designs. Idcallx in thc spirit 
of rhc M’irclcsr Summit convcncd in Januur) 
IY96, all tclcphonc companies would havc ac- 
rivcly invcsrrjiltcd mcrhods for rcdwing rhc 
irrciiflh of the inrcrfcrinp, fddr cmanating 
irom rhcir relcphoncs, such as shiclding and 
repos.rio ling anrcnnas To rhcir :redit. rnanv 
of  thc rcl:plwnc Lornpanies did contribJtc sig- 
niticant tcsourcc< in nncmpring to  corrcct rhc 
prddcm, funhng rlic work of r h c  EhlC Ccn-  
icr at rhc Univcrsiry of O U o m a  and helping 
IO prcparv the Ch3 19 ANSI ctandard. 

Soma: prnmiring results havc ap’ppcarrd from 
this work. For cxamplc, a mccnr rcmarlcablc rc- 
pori s t i r id  that sotnc DCTs can be uscd by 
hearing a d wearers in T-coil mode withour ac. 
:cssor.cs to spacc thc rclcphonc away from rhc 
rlcving a d ”  lncludcd arc rhc hl~lrOr01d SIX- 

! 
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plifiers less sensi 
of differcntial s 
routing. if the sa 
puts of an i n x r t  
of that signal w 
mode rcjcction 
Many hearing a 
sured that the w 

tac 7868 and 7867 phones with service by Vcr- 
izon and Sprint. respcctively. and the Samsung 
SCH3500 phone wirh service providcd by 
Sprint. This is a great achievcment, bccause an 
inducrion coil in a hearing aid transduces thc 
near-field magneric portion of the DCT inter- 
ferencc signal as well as thc desired telephone 
signal. 

T h e  technical difficulty of overcoming the 
interference problem is significant. At first 
glance, an obvious way of reducing interference 
would be io reduce rhe power radiated by the 
telephones. However, this would also limit the 
phoncs' effectiveness in their intcnded usr. 
Orhcr methods being considcrcd by phone com- 
pany engincers include: gradually ramping or 
slowing down the rise and fall timcs of the 
modulating waveform to reduce harmonics gcn- 
erared; arrempring ro cancel the base-band 
magnctic leakage radiated from the DCT bat- 
tery, which is rich in low-frequency interfcr- 
encc; improved shielding of the DCT, moving 

the DCT antenna Cxther away from thc ear 
and using directional antenas. 

METHODS OF ALLEVIATING 
INTERFERENCE IN HEARING AIDS 

Early on ro reduce interference, hcaring aid 
components 2nd wiring were tailorcd to suppress 
RF pickup within the hearing aid. A commonly 
used lcchnrque is to provide a filler in senritivc 
areas of the hearing aid circuitry in which a pul- 
sa& RF signal might be picked up. SpecilLzed 
rniniarure components became available spccif- 
c d y  for filtering out EM1 interference in  h c u -  
ing aids" Figure 10 illustrates such an assembly 
c o n r i h g  o f a  chip fcrrite bead and two chip CP- 

paci tm forming a 'Pi' EM1 firer. T h e  manu- 
facturer's data shect states that this network can 
providc about 35 dB attenuation for an RF sig- 
nal at 900 MHz Hearing aid microphone mar- 
ufacrurcrs have used such fdtcrs connected intcr- 
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Figure 10 Subminiature assembly consmng of a chip leirile bead and  Iwo chip capacitors Iormlng a '"PI 
€MI filler Reprinted from Muraia (19951" by permsslon 
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directional coupler 
/ 

una rl dlrecllonll coupler 
lo Inject r i  to microphone 
and then lo impllllsr b 
halP 10cm1iz. Input Clro"k 
demodulnllon #ne; npmt 
on ou@uicclrcuit. 
replace banaducen wllh 
redstom and repeal. 

l n b t  rf C U m t  through 
haarlng old CIKUII common, 
.t varloua m l n n m  and 
mgrsan palnta. Io dstormlne 
w h m e r  CIKUII common Is 
COUpllng dlp& mods currants 
Into ampltllrr. 

PI& erpon. Wlecld 
hearing nld wlrlng loops 
for H-(kld rl pickup 

pt0b IIpoW8 saleclrd 
hearing ald wlrlng nodes 
lo  E-fleld rl pickup 

Figure 11 Tesi s e w  Io deiermlne suscepi~bllllv 01 a heamg a d  taceplale to RF interference Reprinted from 
NORTEL f1996Iy by permisston 

n d y  ro the microphone t c rminh .  Hev lng  aid 
microphones were introduced with integral RFI 
fdrcrs made with integrated thick film capaci- 
rors." Hearing aid amplifiers also hwe been 
constructed with such f h n  conncctcd duectly 
to [lie elecrrici terminds of the nmplificrs?lJ~ 
Another common technique for rendering am- 
plifiers less sensitive to enernal signals is the use 
of diffcrcnrid signals. With dflcrential signal 
routing. if the same signal is prexnt on both in-  
puts of an inverting operariond amplifier, much 
of that signal will be canceled by the mmmon 
mode rejcction of the operational ampliGcr. 
Many hearing i d  manuficturers also have cn- 
sued that the wire lengths in their hearing aids 
u e  as short 1s possible, for u y n p l e ,  those con- 
necting the microphone to the amplificr,rnd the 
wiring is routed in an  orientation so as to mini- 
mize inrcrfcrence pickup Other hearing i d s  
wrre made more immune to interference by ap- 
plying a conductive metallic coating to thc inside 
surfaces of their plastic housings by sputtering, 
evaporation. painrihg, or elecuo-dcposition, or 
by f a n g  the insides of the plvtic case pans with 
ronductivc mnal.  

Even some telephone manufacturcrs have 
expeiimcntcd with hearing aids to sce what 
irnprovemcnts in immunity to EM1 would be 
possible. For example, Figure 11 shows an ex- 
perimental setup used by Northcrn Telecom" 
(NORTEL) to evaluate thc susceptibility of 
hearing aids to injected E and H fields. Figure 
12 s h o w  the amount of improvemcnt in E 
field immunity compaxd with an untrcated 
faceplate achieved at  N O R T E L  by replacing 
the rnicrophonc with a rcsistor (of theoretical 
value only), shortening the receiver wires, and 
applying foil to the faccphtc ncar the volume 
connm,l.The graph illusrrarcs rhc magnitude of 
injectcd E frcld (per IEC 60118-13) required 
to produce a 55-dB SPL hearing aid ourput at 
maximum volumc control semng. T h e  investi- 
gators reached thc foUowing conclusions: the 
circuit studied was 10 dB more susceptible at 
1900 MHz (1.9 GHz) than at  800 MHz, im- 
muniry improvements greater than 20 dB could 
be achieved with shorter receiver leads; greater 
improvements could be obtained by shielding 
the leads of components in ihc hearing aid 
shell. 
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Figure 12 Reauctlon In E-fleld interference SusceDt~bllhlr as a lUncl8on 01 lreguency produced by several an- 
iederence lreatrnenl lechnlaues Reprinted !(om NORTEL 11996p by ,wrm#jsron 
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Although rhe telephone industry and hear- 
ing aid industry have spent years trying to re- 
ducc the DCTl in hearing aids, othcr methods 
have becn advocated to facilitate use of DCT by 
persons wirh hearing loss. Most of these have 
the disadvantage that they arc unnatural or less 
cmmetically appealing than normal use of the 
telephone by persons having no hearing loss. 
However, rccendy enacted regdations in some 
stater; that mandate hands-frce cellular teic- 
phone operation may mlkc some of these solu- 
tions more appealing. T h e  simplest method of 
hands-free ccllular telephone opcration requires 
that a wirc connect a listening earpiece to the 
relephone. Such a system is described in the 
parent of Boden-Nicken and Winberg's in 
which the hearing aid marc r  wars at least one 
head-worn hearing aid and n hendscr t h x  is 
connected via a datively long cord (rypicdly 
0.5 m )  to the DCT.The headrer contains 2 tclc- 
clpil lor onc-way trmsmiwon of tlic DLT sig- 
nals to the hearing aid via induction p i c h p  and 
a microphone on a boom For communicating 
back to the DCT. Because rhc DCT i s  located 
rcmordy on thc long cord. interference is sub- 
stmually rcduced. T h e  Hearing A d  Telephone 
lntczconnsr System (MATIS) h d s e r  g s t e m  
is another means to remove the telephone from 
dose proximity ro the hearing aid ahd to pro- 

vide hands-free operation. The HATIS zyitern 
includes a cable having onc end that plugs into 
the headset jack of ceUulr rclephones and the 
other end plugging into a connector similar to a 
direct audio input jack in a BTE s i o u e n c  hcar- 
ing aid case. T h e  BTE silhouette contains a coil 
t h r  rouplcr inductive energy transduced from 
the DCT ourpur signal into any hearing aid 
with a telecoil. A boom or in-line microphone 
allom the hearing aid wearer to speak with thc 
DCT in a rcmore location. 

Another patent describes an electromag- 
netic inrerfercnce canceller for an audio xnpli-  
ficr" i n  which the interference signal charac- 
teristics are dctected and synthesized. A signal 
generator in the amplifier synthesizes an elec- 
trical signal that includes the desired audio 
sip;bI compnnciir :1nd tlic inrcrfcrciirc s ip: l l .  

Once known, the inrcrfcrence i s  removed hy a 
canccllcr ncwnrk, Ic;iving tlic dc.ircd .xtiiisrii 

signnl. Tclcphonc mmuflicurrrs h a w  becn in- 
vestigating solurions such as special battery de- 
signs h a t  rcducc narisc CX~TCIID ~irmluccd within 
rhc telephone, special antenna designs, and RF 
shielding within the telephone.31 

Killion and I\latzen" proposed that one 
could fd in the  dead spaces in the modulated 
RF waveforms ro reduce intcdercncc. Meth-  
ods to d o  this included transposing the DCT 
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carrier frequency io n hannlcss frcqucncy band 
or designing a henring aid rhar senses rhc RF 
2nd shifts a DC bias at a rate and amphtude 
suitable to counteract thc rnodulatlon. Another 
possibiliry is raising the acousuc ourput of 
DCTs to increase rhe SNR. or rhc clrrm- 

E field 
EHIMA 

EMC 
EM1 

mngnctic ourpur power of DCTs could be de- 
creased to reduce Inrerferencc.'] 

CONCLUSION 

Currently, enough progress has bcen made in 
hearing aid design improvcmenrs to minimize 
the problem of DCTs causing significant inter- 
ference in hearing aids. Ar rhis rime. two differ- 
ent mexuremenr merhodr can bc urcd to char- 
acrerize tlic amount of inrcrfcrence thnr u'ould 
bc produced. T h c  ANSI C63.19 standard uses 
a dipole an tenna  for inrcrfcrence measures and 
chrsifies phones snd hearing aids into categories 
:icronIing to tlic d q e e  by which combinvng 2 

spccitic phone ;md hearing aid would bc ac- 
ceptable in use. T h e  IEC 60118-13 srandard 
~ C L I I I I ~ I I I C ~ ~ ~ . I  pss-tlail cri1cri.i fur hyrrmder .nul 
wexrr inrerference using a GTEM cell tcsr 
method. Currently, rhe membcrs of both stan- 
d u d s  organiz~lioris arc studying these two test  

methods with rhe intention of harmonizing the 
outcome for predicting whether 3 spccific cell 
phonchelr ing aid combination will be accepr- 
able or not i n  usc. 

FCC 

FDA 
CSM 

GTEM 

H field 
HATIS 

IEC 

IRIL 
I TC 
ITE 
NAL 

electric field 
European Hearing Insrrumcnt 
Manufacturers Association 
electromagnetic compatibility 
elccuomagnetic interference 
Fcdcrd Communications Com- 
mission 
Food and Drug Administration 
Global System for Mobilc Com- 
munications 
Gigahcrn Transversal Electromag- 
nctic Mode 
magnetic field 
Hearing Aid Telephone Intercon- 
nect System 
International Elcctrotechnical 
Commission 
input referred interfrrencc level 
in thc canal hearing aid 
in the ear hcaring aid 
National Acoustics Laboratory 
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ABBREVIATIONS 

Ah4 amplitude-modulated 
ANSI American National Standards In- 

BTE behind theear  hcaring aid 
CDMA Code Division Multiplc Access 
CIC 
DCT digital cellular tclephonc 
DCTI digital cellular rclephone interfcr- 

stitute 

completelyin the canal hcaring aid 

rnce 

N O R T E L  Northern Telecom 
OIRlL overall input referred interference 

Icvcl 
I'CS Pcrsonal Cornmunic:irion Sysrems 
RF radio frcqucncy 
SNR signal-to-noire ratio 
SPL sound prcsrure level 
TDMA Time Division Multiplc Access 
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